EXHIBIT A 



v7. AUG. 2002 12:48 



44J1937_5466630 



NO. 1315 P. 2/8 



Hanguk Nonghwahak Hocchi 
G. Korean Asric Chem. Soc) 
35(2), 132-138(1992} 



Gas-chromatographic detGrmination of methylthiohydantoin 
amino acid as N{0)-butyldjmethylsilyl derivatives in amino 
acid sequencing with methylisothiocyanate 

Kang Lyung Woo 

Depanmem ol Food Engineering, Kyungnam University, Masan 631-701, Korea 

Abstract : For effective determination of nsathylthiohydantoin amino acids(MTHs) by gas 
liquid chromatography in the protein sequencings derivatization with N-methyKN.(<crt -butyl- 
dimethylsilyDtrifluoroacetamideCMTBSTFA), a new silylating reagents, was attempted ins- 
read of triroeihylsilyKTMSi) derivatives by N.O^£s(trimethylsllyntrinuoroacetamlcleCBSTFA) 
used up to the present and N(0)-butyldimethylsilyi MTHs derivatized by MTBSTTA were 
analysed on HP-1 capillary column. Twenty one protein amino adds except cystine were 
indemified. Especially arginine that did not detected with TMSi derivative on packed co- 
lumn until now was resolved by derivatization with MTBSTPA. N(0)-buryldimethylsilyl 
MTHa showed multiple peaks by MTBSTFA were proline, isolcudne, glydne and tyrosine 
and hydroxyprolinc eapceioWy showed «evcral extraneous peaks more than two. Calibration 
curves of N(0)-butyldimethy5ilyl MTHs of amino adds in the ywge of 2.5 nmol-7.5 nroole 
showed good linearity, however, thoue of lysine, histidine and orgtnine showed linearity 
in the range of 5.0 nmole—lS.O nmole. Correlation coafficiflnts and regression coefficients 
of all calibration curves were highly Bignificant(p<0.001)(Received February 25, 1992. accep- 
ted April 17, 1992). 



Edman degradation of proteins or peptides with 
phenylieothiocyanate(PITC)^> or methylisothicyana- 
ie*^)(MITC) has become a routine method for deier- 
mination of amino add sequence, although a highly 
absorptive chromophorlc reagent for protein se- 
quene analysis, 4-N,N-dimelhyIaminoai:obenzene-4' 
-isothiocyanate(DABITC) was proposed by Chang 
ei a/. 4) 

Unfortunately, a number of amino acids derivati- 
2ed by FITC or MITC in each cyde of Edman de- 
gradation are not deaved.^' So, after a few cydes 
phenylthiohydration or methylthiohydantoin amino 
adds(PTHs or MTHs) that should have been deter- 
mined in prior cycle arc found in the reaction pro- 
duct's at the next cyde. 

Quantitative determination and reference lo all 

Key words : Meihylihiohyclantoin(MTH) amino acid. N^mt 
N(0)-/«^.-buryldimel)iy)fliiyl MTH amino nuid 
Currcsponilin^ aullior : K. L. Wo(» 



prior cydes in the sequence as well as qualitative 
identification are important key factor in determi- 
ning the resolving cydes of the releasing PTH or 
MTH derivatives.^ Qualitailve identification of 
PTHs or MTHs by thin-layer chromatography was 
often complicated by background and did not pro- 
vide the security of quantitative determination-^* 

Several problems atill remain to be solved, how- 
ever, gas liquid chromatography(GLC) has been 
used as a simple routine method for qualitative 
identification and quantitative determination of 
thiohydantoinb because of its high sensitivity and 
usefulness for quantifying of amino add derivatives 
compared with other techniques.*^'' Complete reso- 
lutions of all PTHs or MTHs have not been acliie- 
ved with a single stationary phabe and single co- 

hyl-N-/(r/.-bulyldiiiiethylsilyl lrinuoroacetamide(MTRS'iTA). 
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luxnn ayetem in the packed column.'*' 

MTHa have two advantages over the PTHs. First, 
the preparation of MTHs by Edman degradation 
is easy and rapid. Second, because of higher volati- 
lity compared with PTHs, they have more deslnible 
features for GLC analysis.*^ But all MTHs can not 
be directly separated by GLC without adequate de- 
rivati^ation. 

GLC analysis of PTHs and MTHs have been car- 
ried out with' only trimethylsllyl(TMSi) derivatives 
and generally packed column.*"*"' But TMSi MTH 
of arginine has not been detected because it was 
nonvolatile.^*!**-"' TMSi MTH of serine was unsta- 
ble" and cysteine and arginine were analysed as 
S-methylcysteine and ornithine, respectively.^ Se- 
paration of TMSI MTH of histidine still has some 
problems. 

Because of incomplete derivatization, degradation 
and byproducts from coupling mixture during Ed- 
man degradation and derivatization for the GLC 
analysis, the separation of dcrivatixed thiohydanto- 
nis on the packed column is less reliable compared 
with capillary column. Futhermore^ the analysis on 
the capillary column is more useful! in the combi^ 
nation with mass spectrometry. GLC analysis of 
PTHs on the fused silica capillary column was re- 
ported,^ but MTHs analysis on the capillary column 
has not been attempted till now. Inspice of several 
adventages of GLC analysis on the capillary column, 
i.e., sensitivity, versatility and combination with 
mass spectrometry, in recently analyses by high pe- 
rformance liquid chromatography have mainly been 
studied."""' 

N.Methyl-N-tttfrf.-butyldimethylsilyl)tnfluOfoace- 
tamide(MTBSTFA) is a new silylating reagent 
which is es^pected to i^d successful in converting 
all protein amino acids into auitabid derivatives for 
GLC.^^ But dcrivatixation of MTH amino acids by 
MTBSTFA for GLC analysis has not been attemp- 
ted. 

In this study, the quantitative and qualitative 
analysis by GLC of N(0)-butyldimelhylsilyl MTHs 
derivatized Ijy MTBSTFA on the capillary column 
are examined and compared with TMSi derivatives. 



Materials and Methods 

Materials 

Mcthylisothiocyenate, purchased from the Aldrich 
Chemical Co.(Milwaukee, WI, U.SA), was distilled 
(b.p. 116-119 1) under nitrogen gas, and stored In 
the small screw capped vialsCl m/] at ~40t: under 
nitrogen gas. Once opened this reagent was not 
used for no more than one week. N-Methyl-N-(^tfr^.- 
butyldimcthylsilyDtrifluoroacctamideCMTBSTFA) 
and N,0-biS(trimethylsilyl)trifluaroacctamide(BS- 
TFA) were purchased from the Aldrich- All other 
solvents except MTBSTFA and BSTFA were distil- 
led before use. The MTHs of alanine, valine, leu- 
cine, isoleucine, glycine, phenylalanine, methionine, 
tyrosine, aspanic add. glutamic add, asparagine, 
gluiamine, proline, tryptophan, lysine(e-methylthio- 
carbamyl), histidine. arginine, and hydroxyproUne 
used as standard were obtained from Sigma Che- 
mical Co.(St Louis, MO, U.S.A.) or synthesized with 
the MTHa of cysteine, serine and threonine by Ed- 
man method** with modification as following. 

Synthesis of methylthiohydantolns 

The reaction was carried out in a vial of 5 m/ 
with rubber septum stopper which was immersed 
in a water bath at 40t:. Ten milligrams of DL- 
amino acid &om Sigma was dissolved in 2 m/ of 
pyridine-waterCl : 1) containing 3%(w/v) bromothy- 
mol blue. By addition of triethylamine the color 
of mixture was adjusted to the standard color solu- 
tion of pH 9,0. Two injection needles of stainless 
steel were pierced into the vial through the septum* 
One needle conneaed with nitrogen gas was put 
into the solution and the other was connected co 
the vaccum pump. Nitrogen gas was bubbled into 
solution for 1 min and simultaneously evacuated 
with vaccum pump, and then 50 pi mechylisothiocy« 
anate was injected into the solution through the 
septum with microinjection syringe. Nitrogen gas 
was continually bubbled into the reaction mixture 
through the reaction and the vial was immersed 
in a 40^: water bath. The pH was maintained at 
9,0 by addition of triethylamine from microeyringe. 
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The completion of reaction was identified by the 
unchange of color in the reacting solution. After 
the reaction exceee pyridine and methylisothiocya- 
nace were removed by extraction of several rimes 
with benzene. The aqueous solution of the methyl 
thiocarbamylCMTC) intermediaie was completely 
dried by a lypophilizing process. Then 2 ml of 1 N 
HCl was added, the vial wae closed with a teflon*^ 
lined dcrew cap and the MTC intennediate conver- 
ted to the MTH derivative by heating for lOmin 
at 80 1. All MTH derivatives except MTH of histi- 
dine and MTH of anzinine were obtained from 1 N 
HCl repeated extraction of several times with ethyl 
acetate. Extraction solution was dried with nitrogen 
gas et sot: and then disBolved to known volumn 
of ethyl acetate. MTHs solutions of cysteine, serine 
and threonine were used as standard solution, and 
the others were used as comparision with the 
MTHb standard from Sigma. 

Each standard 6olution8(l mg/m/) of the methyl- 
thiohydantoins from Sigma were made up in ethyl 
acetate with fblloiving exceptions; MTH of gluta- 
mine was dissolved in 1 : 1 pyridine/ethyl acetate; 
MTH Of aspartic add in 2 : 1 pyridine/ethyl ace- 
tate? MTH of glutamic add in 1 : 2 pyridine/ethyl 
acetate; MTH of histidine in pyridine. Standard so- 
lutions were stored under nitrogen in the desicca- 
tor ai -60 1. 

Silylation procedure 

MTHs standard solution(15 fi/^SO ^0 was trans- 
ferred to a 3 m/ glass reaction vessel with a conical 
bottom and screw cap. The solution was completely 
dried with nitrogen gas at 80 oil bath. For the 
N(03-/ert.-butyldimethylsilyl derivatization, 25|j/ of 
internal standard solution(0.25 mg pyrcne/m/ of py- 
ridine), 15 fi/ of MTBSTFA and 2 \il triethylamine 
were added and then tightly capped. The vessel 
was heated at 80 1: for 15 min. After cooling to 
room temperature, 1 of derivatissed solution was 
injected to GLC. 

For TMS derivati2atiDn, 40 fj/ of the silylation so- 
lution consisted of 1 : 3(v/v) of BSTFA and acetoni- 
irile containing 0.5 mg pyrene per milliliter was ad- 



ded. The other procedures were the same as N(0)* 
/ert.-butyldimethylsilyl derivatizatson procedure me* 
ntioned above* 

GasHiquid chromatogrphy 

A Hitachi gas chromatography, model 163 with 
split mode capillary adaptor was used. The analysis 
on N(0).butyldimethylsilyl MTHs and TMSi MTHs 
carried out with HF-1 fused silica capillary column 
(Hewlett Packard, cross linked methyl silicone gum, 
25mX0.32mmX0.17|im thickness) and with flame 
ionization detector. 

Results and Discussion 

GLC identificotion of N{0)-butyldimethyls!lyl 
MTH amino acids and TMSi MTH amino ecids 

Fig, 1 showed the gas cbromatogram obtained on 
the HF-1 capillary column of the N(0)-butyldimeth- 
ylsilyl MTH derivatives of 20 amino adds except 
hydroscyproline. Hydroscyproline was excepted in 
the standard mixture because it was resolved more 
than four peaks. Alanine and glycinei, leucine and 
isoleudne, methionine and proline^, phenylalanine, 
threonine and glydnea, asparaglne and glutamic 
add derivatives were incompletely resolved. N(0}* 




FiO- 1. Gas chromaiogram of 20 N(0)-butyldimethyl- 
silyl MTH amino acids on HP-1 capillary column. 
Injection amount : 2.5 nmolc, exception Asp. Glu : 2.0 
nmiAe, Hie, Arg. Lys, Tyr. Gly. Val, Ala : 5.0 nmole. 
Gin. Pro : 7.5 nmol. Carrier gas flow : Ha 5 m//min. Te- 
mperature programming : 120 1^300 t. Spile : 5 : i. 
Make up gas : 40 m//min. 



'7.AUG. 2002 12:48 44J1937J466630 NO. 1315 P. 5/8 

Ka»g ^-y^ing Woo : Gas-chromatographic detenninailgn of methylthlohydantoin amino acid -135- 



butyldimcthylsilyl MTH amino acids showed only 
small numbers of impure peaks compared wiiti 
TMSi MTH amino acids(Fig. 1. 3), MTH of arginine 
and histidine sliowed good resolution with N(0)- 
butyldimethylsilyl derivatives, but histidine was un- 
stable after 2 weeks storage with standard solution 




Pig* 2- 6oa chromatograms of N(0)-butyldimrthyl3ilyl 
MTH amino aotdc showed multiple peaks on HP-1 
capfllary column. 

Injection amount : 5.0 nmole, Carrier gas flow : Ha ^ 
m//inin> Temperature programming: 120 1— 300 t, 5 
fc/min. Split 5 : 1, Make up gas : Ne 40 mZ/min. 



(Fig. 4). Arginine showed single peak at injection 
amount of 5.0nmole, but at higher level showed 
extraneous peaks considering with impurity of sta- 
dard(Fig.S). N{0)-butyldimethylsilyI MTH amino 
adds showed the multiple peaks were hydroxypro- 
linc, isolcucine, proline, glycine and tyroslne(Fig. 2). 
Isoleudne, proline, glycine and tyrosine showed two 
peaks but hydrosQrproline was resolved with several 
peaks even though it was stable. 

Fig. 3 showed the gas chromatogram obtained on 
the HP-1 capillary column of the TMSi MTH deri- 
vatives of 18 amino adds, TMSi MTH derivatives 
showed many impure peaks so it couldn't be used 
in the quantitative determination. But TMSi MTHs 
were more volatile compared with N(0)-butyldime- 
thyldimethylsilyl MTHa. TMSi MTHs of arginine, 
histidinc and aspargine were not detected on the 




Fig. 3. Gas chromatogram of TMS-derivative of MTH 
amino acids on HP-1 capiliary column. 
Injection amount : 2J5 nmole. Carrier gas flow : Ha 5 
m//rain. Temperature programming : 100 fc--*245 1. 5 
t/min. Split 5 : 1, Make up gas; N2 40 m//min. 




c/5 



Pig. 4. Gas chromatograms of N(0).butyldimethylsilyl MTH of Hie in 2 weeks|left) and after 2 weeks(right) 
storage with standard solution. ^ / i^^i .c wBc^aingnt; 

Injection amount I 5.0 nmole 
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F=ig. 5. Gas chromatograms of N(0)-buiylclimethylsllyl MTH of Arg at injection amounts of 5.0 nmole and 
1 5.0 nnnole. 
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Fig. 6. Calibration curves for N|0)-butylclinnethylsilyl MTH amino acids in the range 2.5 nmole'-7.S nmole 
and 5.0 nmole'-- 1 5.0 nmol6 on HP-1 capiUory column. 

Internal siandard : pyrene, 0.75 nmole. A spol the avera«t of three- delerminations. SE. ! Standard error of 
regression, SKu : Standard error of slope. 
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HP-1 capillary column. Piaano and Bronren^ rcpor- 
led the blended phase packed column, DC-560, SP- 
400, OV-210 and OV-225. They separated all TMSi 
MTHs except arginine on the stationary phase, OV. 
225. Lamkin et al."' accomplished GC separation 
of TMSi MTHs of 19 amino acids except arginine, 
but eeparation of unredolvcd pair(asparagine and 
phenylalanine) needed an additional procedure- 
Using Che flame photometric sulfur detector, some 
extraneous multiple peaks observed with the flame 
ionization detector were eliminated. 

Eyem and Sjoqist^ also reported the separation 
of 19 of 20 TMSi MTHs on the short(4.5 m) glass 
capillary column. They could be identified histidine 
on same column by starting the analysis at a higher 
temperature and cysteine and arginine were analy- 
sed as S-methylcysteine and ornithine, respectively. 

In this study, arginine and cysteine were directly 
dcrivatired with MTBSTFA and delected. The only 
disadvanwge was some extraneous multiple peaks 
of hydroxyproUne. But TMSi MTH of hydroxypro- 
Hne also showed many multiple peaks. 

Fig. 6 showed the calibration curves for N(0)-bu- 
tyldimethylsilyl MTH amino adds ranged from 2.5 
nmol to 7.Snmole and lysine, histidine and argi- 
nine is in the range of 5,0 nmole— 15-0 nmole. Ly- 
sine, histidine and arginine were not detected at 
2.S nmole but detected at level more than 5,0 nmole. 
Calibration curves showed good linearity in the 
measured range but did not pass through the origin 
because probably at lower levels than measured 
amounts the detector couldn't respond. Correlation 



coefficients and regression coefficients of all calib- 
ration curves were highly significant(<O.OOl). 
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Methyiisothiooyanate^ 0|S*^ omi^ti iiH9SSA| N(0)-bUTyldimethylsilyl ^ 
S.MSMS\ methylthiohydantoin Oha|Jlii-&h£l 7m 3.S.o[SMS^o\\ S\«i ^ 

: Methylisothiocyanateofl c\xi]i^i2r tjfl^ ^*}als^ H-BlSlcH 

tl-ife raethylthiohydantlon oj-flsi-tl-i- 7l#ll ^.!^^}S^s^^3. JL34^£^ 9J ^^^l 
'^S.-^ silylating reagent N'inethyl-N>(/eri-butyldunethyl9ily)tiifluoroacetainid&€' 
-^V^^h^l N-rcrt.-butyldlmethyl5ily h4TH •frS.*1|3. allylation 'S- ^ HP-1 capUlary column 

Cysdnc-g- Jfllsj^ 2l7fla; T^tH^ o>Dlit<i^ ^ 2l2lJl J^l?^^ 

packed column'll'H TMS -fr£aj|a '^r arginineS. S-51 ^^SSflth. 2n ^l^Sl 

peak# >4bF^ =3^.2-3.fe hydroxyprolme, proline, isoleudne, glydne ?J tyrosineolStljl o]^ 
hydroxyproline-fr St 4^*1 peak^S |l.als|ac*. Lysine, hiatidine S arginlne-e ^tJ* 
5.0iimolc-lS.0nn»ole*1 ^*;<<|a1 uH>l7lfe 2.5 nmole~7.5 nmole^ 'S^i'M '^'flr^i'fl* 
^4 SlS.su al-a -a-^^JJI^ i+B^tJiatKp<0.001). TMS fl-S.>S(|«11 ^!r'^■& 



